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Gas exchange in the avian embryo has been shown to be dependent on, and limited by, the diffusive properties of gases across the resistance offered by the shell and shell mem-
branes ( Wangensteen and Rahn 1970-71).
For simplicity, we shall use the term "shell' to denote the entire barrier to diffusion between the interior of the egg and the environment. It has also been shown that under normal conditions the diffusion of water vapor across the egg shell approximates the diffusion equations set forth for ideal gases (Paganelli et al. 1971) In our attempt to compare the rate of water loss among different species, it is useful to change the dimensions of Eq. (1) SO that the volume of water vapor is expressed as a mass unit and to introduce the term water vapor conductance, which by definition is the product of the first two terms ( Kn20*A) ( On the assumption of diffusive flux for water vapor, we have attempted to set up standards to describe the "porosity" of the avian egg shell. We believe that for our comparative study this is best described as conductance to water vapor under standard conditions. Only under such conditions can values be compared when determined at different barometric pressures and temperatures.
In this study we have measured the water vapor conductances of fresh eggs of 29 species and shown how this value increases with egg weight. The change in egg shell thickness with egg weight has also been determined from data available in the literature (Schonwetter 1960-71). We h ave used these two relations to predict the total functional pore area in the egg shells of birds. the KOH pellets stirred, and actual weighing time, temperature, and barometric pressure recorded. Each experiment lasted 7-9 days. Eggs that did not have a steady rate of weight loss or showed an abnormally high rate of weight loss were checked for cracks and discarded if the shells were found to be defective.
MATERIALS AND METHODS

DETERMINATION
CALCULATIONS
Weight loss was expressed as water loss per 24 hr, and corrected to a standard barometric pressure of 760 torr, since the rate of diffusion is inversely proportional to the total pressure. Paganelli et al. ( 1971) demonstrated that this is true for water loss across the egg shell. The corrected value was then divided by the water vapor pressure difference across the shell. Since the desiccator atmosphere has essentially zero humidity, the water vapor pressure difference was assumed to be equal to the water vapor pressure of saturation at the egg temperature. For our purpose, the very small reduction of vapor tension caused by the solutes of the egg contents can be neglected.
The 
Whether the increase in pore area with weight is achieved by increasing the number of pores or their diameter or some combination of the two is unknown and should be explored. We do know from Tyler that there seems to be tance of an egg for any gas is proportional to its diffusion coefficient times the ratio of total pore area to shell thickness [Eq. (5)]. Thus the conductance for CO2 and 02 (Gco, and Go,) must also be proportional to W".78, a power function nearly identical with that describing the basal metabolic rate of adult birds and mammals as a function of their body weight. Since the water loss of an egg is independent of the metabolic rate, it is likely that the particular pore geometry which determines gas conductance evolved in response to the metabolic needs of the embryo, as pointed out by Wangensteen and Rahn (1970-71) . Therefore the fact that Gn,o varies as W".7s is not surprising and merely reflects its dependence upon metabolic requirements.
The change of the pore geometry with egg size represents the optimization of two antagonistic properties, namely, the total pore area and the pore length. The difference between the power function for gas conductance, total pore area, and pore length is exemplified by comparing typical l-g and 1000-g eggs.
In order to meet the increasing metabolic need which accompanies a lOOO-fold increase in weight, gas conductance must increase 219 times ( = W".78). However, the structural requirements of the egg shell demand a 23-fold increase in shell thickness ( c W".456). Thus the total effective pore area must change by (219 x 23) or 5105 times, which is proportional to fresh egg weight raised to the sum of these two exponents, namely, 1.236.
SUMMARY
The rate of water loss from eggs per unit of water vapor tension difference is compared for 29 species. The water vapor conductance is proportional to the 0.78 power of the fresh egg weight. From values given in the literature, it can be shown that the thickness of the egg shell is proportional to the 0.456 power of the egg weight. On the basis of Fick' s first law of diffusion, these two values allow one to compute the total functional pore area which is proportional to the fresh egg weight raised to the sum of these two exponents, namely, 1.236. It is the ratio of functional pore area to shell thickness which determines the conductance of all gases which exchange across the egg shell.
